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(54) Title: A MAGNETIC RECORDING MEDIUM 
(57) Abstract 

A magnetic recording medium comprises a layer of material including permanently aligned acicular 
magnetic particles having a first coercivity, and magnetic particles having a further coercivity higher than 
the first. Hie ratio of the volume per unit area of particles having said first coercivity to the volume per unit 
area of particles having said further coercivity is preferably between 3.4:6.6 and 5.5:43, and the particles 
having the further coercivity preferably comprise either barium ferrite or strontium ferrite platelets. The 
layer may be carried by a flexible substrate thereby forming a tape which can simultaneously record data 
permanently by means of the acicular particles and erasably by means of the particles having the further 
coercivity. The layer is manufactured using a slurry containing a mixture of the two types of particle, and 
a two stage alignment process. 
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A MAGNETIC RECORDING MEDIUM 



This invention relates to a magnetic recording medium comprising a layer 
of material including permanently aligned acicular magnetic particles having a 

5 given coercivity. This invention also relates to methods of making such a 
magnetic recording medium. 

A known magnetic recording medium of this type is described in GB-B-1 
331 604, in which acicular particles of y - Fe 2 0 3 (having a coercivity of perhaps 
27 kA/m) are fixedly aligned in predetermined directions in selected spaced 

10 regions of the layer, the regions in between either being randomly aligned or 

being aligned in a different direction. This type of magnetic recording medium is 
manufactured in the form of a tape by Thorn Secure Science International 
Limited under the Trade Mark "WATERMARK" tape. 

"WATERMARK" tape provides high security because the permanently 

15 recorded data is difficult to counterfeit, and gives the option to write ordinary 
data on the magnetic stripe compatible with ISO standard low coercivity (LoCo) 
bank cards. 

In recent years there has been a growth in the use of high coercivity 
(HiCo) magnetic records, for example as tape on credit or bank cards or other 

20 documents of value. Such material typically has a coercivity of above about 1200 
Oe (i.e. 100 kA/m) and is described more fully in the standards document ISO 
7811/6. Such HiCo magnetic records offer better resistance to erasure than LoCo 
materials, but do not offer the high security possible with "WATERMARK" tape. 
A combination of the two technologies would offer both security and 

25 resistance to accidental erasure, but attempts to combine the two materials have 
up until now been unsuccessful. Such attempts have included tracks 
manufactured side by side or laminated one on top of the other. 

According to one aspect of the present invention there is provided a 
30 magnetic recording medium comprising a layer of material including 
permanently aligned acicular magnetic particles having a first coercivity, 
characterised in that the layer also includes magnetic particles having a further 
coercivity higher than the first. 

This magnetic recording medium combines LoCo and HiCo technologies 
35 without the problems associated with aligning different materials side by side, 
or the difficulty of reading one layer through the other. The medium can be used 
simultaneously to record data permanently by means of the acicular particles 
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and erasably by means of the particles having the further coercivity. The 
medium enables the permanent data to be read in the presence of soft encoded 
HiCo data using existing equipment. 

The present invention also enables hand held reader units to be used 
5 without problems caused by the active head of the ''Watermark 77 data reader 
erasing soft encoded data on neighbouring tracks of tape having only LoCo 
particles. This is a problem because of the inability precisely to align hand held 
readers with the correct tape track reliably in use. 

Preferably, the volume percent of particles having said first coercivity is 
10 less than the volume percent of particles having said further coercivity. This 

enables the medium to conform to standards document ISO 7811/6 by reducing 
the distortion produced by crosstalk between the two types of record. 

According to a second aspect of the invention there is provided a method 
of making a magnetic recording medium, including: 

a) preparing a slurry including acicular magnetic particles having a first 
coercivity and non-acicular magnetic particles having a further coercivity 
higher than the first coercivity, 

b) coating the slurry onto a flexible substrate to form a layer, 

c) aligning the acicular magnetic particles in said layer , and 

d) solidifying said layer. 

According to a third aspect of the invention there is provided a method of 
making a magnetic recording medium, including: 
25 a) preparing a slurry including acicular magnetic particles having a first 

coercivity, 

b) adding non-acicular magnetic particles having a further coercivity 
higher than the first coercivity to the slurry, 

c) coating the slurry onto a flexible substrate to form a layer, 
30 d) aligning the acicular magnetic particles in said layer , and 

e) solidifying said layer. 

The invention relates particularly, though not exclusively, to magnetic 
records for credit or bank cards or other documents of value. 

35 

Embodiments of the invention will now be described, by way of example 
only, with reference to the accompanying diagrammatic drawings, in which :- 
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3 

Figure 1 shows a flow diagram of a method according to the invention, 
Figure 2 shows a flow diagram of a second method according to the invention, 
Figure 3 shows a plan view of a layer of a magnetic recording medium having 
HiCo particles, 

5 Figure 4 shows an oblique view of the medium of Figure 3, 

Figure 5 shows a plan view of a layer of a magnetic recording medium according 
to the invention, 

Figure 6 shows the layer of Figure 5 having a permanently aligned structure, 
Figure 7 shows a theoretical hysteresis curve for a magnetic recording medium 
10 according to the invention, and 

Figure 8 shows a measured hysteresis curve for a magnetic recording medium 
according to the present invention. 

A magnetic recording medium having a mixture of hexagonal platelets 
15 and acicular particles is disclosed in US 4,657,813. However, in this prior art 

document the alignment is performed after the slurry has been solidified, so the 
acicular particles do not have a permanently oriented structure. 

Figure 1 shows a flow diagram of a method of making a magnetic 
20 recording medium. The numbered blocks in the diagram have the following 
significances. 

Block 1 of Figure 1 denotes preparing a slurry including acicular 
magnetic particles having a first coercivity and non-acicular magnetic particles 
having a further coercivity larger than the first coercivity. A number of 
25 examples of how to produce a slurry in accordance with the present invention 
are described below. 



EXAMPLE 1 

30 In the present example the slurry is prepared in the following way. 

Powdered y - Fe 2 0 3 in the form of agglomerates of acicular individual grains is 
dispersed into a liquid mixture of a binder and a solvent using a stirring 
apparatus which provides significant shear forces. This mixture is then fed into a 
bead mill and milled to separate the individual grains to form a slurry. In this 

35 first example the exact slurry composition used has a solids content of 56% and 
the solvent used is a mixture of toluene and methyl ethyl ketone. The 
composition of the solids is as follows (in weight %):- polyester resin 7.1%, 
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polyurethane resin 6.2%, phosphate surfactant 0.6%, de-oiled lecithin 0.6%, 
carbon black 1.3%, y - Fe 2 0 3 31.1%, barium ferrite 50.2%, lubricant 1.5% and 
melamine curing agent 1.3%. 

Care needs to be taken during preparation of the slurry as the LoCo 
5 particles (y - Fe 2 0 3 ) and the HiCo particles (barium ferrite) have different 

properties. The barium ferrite particles obtained in powdered form are smaller 
than the LoCo particles and have a lower oil adsorption, thus making them far 
easier to disperse than the LoCo particles. If both magnetic pigments were 
loaded into the bead mill at the same time the barium ferrite would be 
10 overmilled and the dispersion would become unstable. In particular, the HiCo 
particles will tend to come out of suspension, leading to changes in the viscosity 
of the slurry and hence the quality of the coating and quality of the subsequent 
watermarking. 

15 Three possible methods of overcoming this problem are 

a) to make two separate dispersions and mix them afterwards, 

b) add the HiCo particles very late in the milling process, or 

c) to stir the HiCo particles directly into the slurry. 

The latter technique is especially advantageous if strontium ferrite is the 
20 HiCo material. Other HiCo materials such as Platinum - Cobalt or Silmanol may 
be used alternatively or in addition. 

The preferred ranges employed for the above listed ingredients in the 
present embodiment are as follows:- 

25 

polyester resin 4 - 20%, 

polyurethane resin 4 - 20%, 

phosphate surfactant 0 - 2%, 

de-oiled lecithin 0 - 2%, 

30 carbon 0.5 -6%, 

alumina 0 - 5% 

silica 0-5% 
Y-Fe 2 O 3 20-80%, 

barium ferrite 20 - 80%, 
35 isocyanate or melamine curing agent 0 - 5%. 
lubricant (e.g. silicone or PTFE oil) 0 - 3% 



L 
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Suitable solvents include one or more of the group including toluene, 
methyl ethyl ketone and methyl iso-butyl ketone. 

The volume ratio of LoCo particles to HiCo particles is preferably 
5 between 3.4:6.6 and 5.5:4.5. Pigment volume content is typically between 50 and 
55%, and the preferred solid content is between 40 and 60%. 

It should be noted that in this example the pigment loading is far higher 
than that normally used for standard tape. The pigment loading levels are 
chosen such that the LoCo watermark of the subsequent tape is readable, and the 
10 HiCo record can pass the "window" test of standards document ISO /IEC 7811 - 
6. The standard does not specify a minimum coercivity for the tape, but is 
difficult to pass unless the finished tape has a coercivity of above about 1200 Oe 
(i.e. 100 kA/m). Tape made using the slurry described above typically has a 
coercivity approximately equal to or greater than 1500 Oe (125 kA/m). 

15 

EXAMPLE 2 

As a further example of a way of producing a slurry as described above, 
the following formulation is used to make up two separate slurries (denoted part 
20 A and part B) which are subsequently mixed in equal portions by weight to 
produce the final mixture. 

PART A 

strontium ferrite 92.6 wt% 
25 functionalised vinyl resin 7.4 wt% 

prepared as a slurry having a solid content of 40% in a solvent as above. 

PARTB 

modified PVC resin 57 wt% 
30 polyurethane resin 14.'4 wt% 

phosphate surfactant 1.4 wt% 

de-oiled lecithin 1.4 wt% 

carbon black 3.0 wt% 

Y-Fe 2 0 3 71.8 wt% 
35 lubricant (e.g. silicone or PTFE oil) 2.3 wt% 

prepared as a slurry having a solid content of 40% in a solvent as above. 
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EXAMPLE 3 

Formulations in the following ranges may also be used to prepare a slurry 
for use in the present invention:- 
functionalised vinyl co-polymer 0.6 - 20 wt% 
5 y ferric oxide 20 - 80 wt% 
carbon 0.5 - 6% 
alumina 0 - 5% 
silica 0-5% 
polyester resin 5 - 20% 
10 polyurethane resin 5 - 20% 

strontium or barium ferrite 20 - 80% 
isocyanate or other curing agent 0 - 5% 
lubricant (e.g. silicone or PTFE oil) 0 - 3%. 

15 The volume ratio of LoCo particles to HiCo particles is preferably 

between 34:66 and 55:45. Pigment volume content is typically between 50 and 
55%, and the preferred solid content is between 40 and 60%. Suitable solvents 
include one or more of the group including toluene, methyl ethyl ketone and 
methyl iso-butyl ketone. 

20 Once the slurry has been prepared according to one of the above recipes it 

is coated onto a flexible substrate to form a layer. This step is denoted by block 2 
in Figure 1. The flexible substrate may comprise, for example, a polyester film as 
used in magnetic tape manufacture, a sheet of paper or card, or a sheet of 
plastics material. In the present example polyester film is employed as a 

25 substrate, and the rest of the fabrication process is similar to die manufacture of 
"WATERMARK" tape as described in, for example, GB - B - 1 331 604. However, 
in the present example the thickness of the layer is preferably controlled to have 
a constant value in the range between 15 and 30 micrometers. This enables the 
finished tape or card to pass the criteria established in the standards document 

30 ISO/IEC 7811 - 6. 

Once the layer has been formed on the substrate, the acicular LoCo 
particles (y ferric oxide particles in the present example) are aligned in the usual 
way (as described in GB -B - 1 331 604) to form selected spaced regions in which 
the LoCo particles are aligned along a predetermined direction, and the LoCo 

35 particles in the remainder of the layer are either not so aligned or are aligned 
along a substantially different direction. This is denoted by block 3 in Figure 1. 
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The fluid layer is then solidified in the usual way (as described in GB -B - 
1 331 604) so that the alignment of all the magnetic particles becomes fixed. This 
is denoted by block 4 in Figure 1. 

Figure 2 also shows a flow diagram of a method of making a magnetic 
5 recording medium in accordance with the present invention. Blocks 2-4 have 
the same significance as in Figure 1, but additional blocks 5 and 6 have replaced 
block 1. In this diagram block 5 denotes preparing a slurry including acicular 
magnetic particles having a first coercivity, whilst block 6 denotes adding non- 
acicular magnetic particles having a further coercivity higher than the first 

10 coercivity to the slurry. 

Figure 4 shows a cross section of what the layer looks like in cross-section 
after the initial alignment. The barium ferrite particles (10) are normally in the 
form of hexagonal platelets, having an easy axis of orientation (15) normal to the 
plane of the platelet. The acicular particles are not shown in this Figure to 

15 improve clarity. They are shown however in Figures 5 and 6. The barium ferrite 
particles in the layer form columns (14) as shown in plan view in Figure 3, the 
columns having being oriented parallel to one another, the axes of the generally 
cylindrical columns corresponding to an easy axis of orientation (15) normal to 
the axis of the orienting magnetic field (16). Each column resembles a stack of 

20 coins arranged with the surface of each coin substantially normal to the surface 
of the substrate. 

The ferric oxide particles (11) are generally elongate or acicular, having 
magnetic properties which have a single axis of symmetry along the long axis of 
the particle. The thickness of the layer in this example is 22 micrometers, and in 

25 this example it is carried by a flexible polyester substrate (12). Figure 5 shows a 
plan view of the layer after its initial orientation step which aligns all the 
particles in the way shown with the axes of the acicular particles substantially 
orthogonal to the axes of the columns of platelets. This initial orientation is 
performed using a magnetic field of the order of 100 - 350 milliTesla to ensure 

30 both the HiCo and LoCo particles are aligned. 

Figure 6 shows the same layer having been given a further alignment to 
form regions 20 and 21 having different magnetic properties from one another, 
thereby forming a permanently aligned structure after solidification which can 
be used to store data which cannot subsequently be erased. In this further 

35 alignment (in which the alignment of the acicular magnetic particles only is 
changed in spaced regions 21) a magnetic field of only 8-20 milliTesla is 
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employed so that the HiCo particles are not realigned to the same extent as the 
LoCo particles. 

Figure 8 shows a typical hysteresis curve for a magnetic recording 
medium made according to example 1 above. Typical values of coercivity are 
between 1200 and 4000 Oe (125 to 340 kA/m), preferably between 1500 and 2500 
Oe, the saturation magnetisation is typically 0.5 to 0.9 emu, and the remanence is 
of the order of 0.3 to 0.7 emu. A theoretical prediction of what the hysteresis 
curve should look like is shown in Figure 7. 

The tape made according to the foregoing instructions may optionally 
have a lacquer overcoat applied to provide protection to the surface during use. 

An unsupported layer may be produced by peeling away the flexible 
substrate. This process will be easier if a release layer has been provided 
between the layer and the substrate during manufacture. 
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CLAIMS 



1. A magnetic recording medium comprising a layer of material including 
permanently aligned acicular magnetic particles having a first coercivity, the 

5 layer including magnetic particles having a further coercivity higher than the 
first characterised in that data is recorded permanently by means of the 
acicular particles and erasably by means of the particles having the further 
coercivity. 

2. A magnetic recording medium as claimed in claim 1 in which the magnetic 
10 particles having said further coercivity are platelets. 

3. A magnetic recording medium as claimed in any preceding claim, in which 
the ratio of the volume percent of particles having said first coercivity to the 
volume percent of particles having said further coercivity is between 34:66 
and 55:45. 

15 4. A magnetic recording medium as claimed in any preceding claim in which the 
particles having said further coercivity comprise one or more of the group of 
materials including barium ferrite, strontium f errite, Platinum - Cobalt and 
Silmanol. 

5. A magnetic recording medium as claimed in any preceding claim in which the 
20 layer is carried by a flexible substrate. 

6. A document of value carrying a magnetic recording medium as claimed in 
any preceding claim. 

7. A method of making a magnetic recording medium, including: 

a) preparing a slurry including acicular magnetic particles having a first 
25 coercivity and non-acicular magnetic particles having a further coercivity 

higher than the first coercivity, 

b) coating the slurry onto a flexible substrate to form a layer, 

c) aligning the acicular magnetic particles in spaced regions of said layer, 
and 

30 d) solidifying said layer. 

8. A method of making a magnetic recording medium, including: 

a) preparing a slurry including acicular magnetic particles having a first 
coercivity, 

b) adding non-acicular magnetic particles having a further coercivity 
35 higher than the first coercivity to the slurry, 

c) coating the slurry onto a flexible substrate to form a layer, 
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d) aligning the acicular magnetic particles in spaced regions of said layer, 
and 

e) solidifying said layer. 

9. A method of making a magnetic recording medium as claimed in claim 7 or 
claim 8 in which the volume percent of particles having said first coercivity 
and the volume percent of particles having said further coercivity in the slurry 
are in a ratio between 34:66 and 55:45. 
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Fig.2. 
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Fig.7. 




Fig.8. 
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